Even if all external circumstances are kept equal, the oculomotor system shows intra-2 individual variability over time, affecting measures such as microsaccade rate, blink 3 rate, pupil size, and gaze position. Recently, some of these measures have been 4 associated with ADHD on a between-subject level. However, it remains unclear to what 5 extent these measures constitute stable individual traits. In the current study, we 6 investigate the intra-individual reliability of these oculomotor features. Combining 7 results over three experiments (> 100 healthy participants), we find that most measures 8 show good intra-individual reliability over different time points (repeatability) as well as 9 over different conditions (generalisation). However, we find evidence against any 10 correlation with self-assessed ADHD tendencies, mind wandering, and impulsivity. As 11 such, the oculomotor system shows reliable intra-individual reliability, but its benefit for 12 investigating self-assessed individual differences in healthy subjects remains unclear.
Introduction 1
Imagine that you are working in your office, and one of your colleagues suddenly walks 2 in: Your eyes will immediately change position from your work and will subsequently 3 fixate on your colleague, and your pupil size will be modulated by the differences in amplitude, and fixation rate, duration, and size) over four different tasks (a sustained 1 fixation, scan-identify, search, and Stroop task). They found that each oculomotor 2 measure correlated to itself between the different tasks within participants. However, 3 their fixation task consisted of trials that were only three seconds long -meaning that 4 the variability is still highly dependent on stimulus-onset, and that the task is not aimed 5 at capturing (mostly) endogenous variability. Overall, none of these articles address 6 the question of the current research directly -namely, to what extent endogenous 7 variability itself is a reliable individual trait. Oculomotor variability and ADHD symptomatology 10 In the search for a potential 'biomarker' of ADHD, two previous studies investigated 11 the relation between ADHD and oculomotor variability. Fried et al. (2014) examined 12 differences between adults with ADHD (both in an 'unmedicated' and 'medicated' 13 session) and healthy controls (unmedicated in both sessions). Participants were asked 14 to make a button press in response to targets but not to non-targets. In their 15 'unmedicated' session, participants with ADHD showed significantly higher 16 microsaccade and blink rates compared to controls, both near stimulus onset and 17 throughout the entire trial. However, these differences were not found in the 18 'medicated' session. No significant differences were found in pupil size mean or 19 variability in either session. Panagiotidi et al. (2017) found a similar positive association 20 between microsaccade rate and self-assessed ADHD tendencies within a healthy 21 population, but did not investigate pupil size or blink rate. 22 It is important to note that these studies differ in a significant way. Fried et al. 23 (2014) focused on task-based differences, which arise partly from external 24 7 circumstances. Healthy controls were able to fixate before target onset, meaning that 1 they were able to control their eye movements to some extent when this was relevant 2 for the task. Those control participants showed a large increase in blinks and 3 microsaccades only after the target has disappeared from the screen. ADHD patients 4 showed deficiencies in this functionality, which was accompanied with decreased task 5 performance. However, Panagiotidi et al. (2017) took a more resting state-based 6 approach, using 20 trials of 20 seconds each, in which participants were asked to fixate 7 on cross, without any additional task or stimuli. This type of paradigm, in which all 8 circumstances are kept equal, captures mostly endogenous variability by default. 9 It may be tempting to attribute the observed effects to individual differences in 10 'attention'. However, in the paradigms of Fried et al. (2014) and Panagiotidi et al.
11
(2017), 'attention' may manifest in different ways -the latter relates to internal 12 fluctuations over time, while the former paradigm makes use of covert attention. As 13 described in the above section on Oculomotor functioning and variability, these reflect 14 distinct phenomena, and as such, they may not necessarily have similar outcomes. 15 This is of importance, because ADHD may affect a multiplicity of 16 neuropsychological domains, which means that even when certain behavioural 17 deficiencies or differences are found, it can be hard to pinpoint through which 18 mechanism(s) these arise. While Panagiotidi et al. (2017) did report that the ADHD 19 questionnaire they used is comprised of two subscales -inattention and 20 impulsivity/hyperactivity -analyses were only conducted on the total scores, because 21 both scales correlated highly to the total scores (r-values of .81 and .90 respectively). 22 However, these types of high correlations between subscales and total scores are to 23 be expected, as questionnaires tend to measure one construct, and the total scores 24 reflect nothing more than the sum of the parts. As the correlation between the 25 8 subscales was only moderate (r = .46), the subscales show sufficient non-shared 1 variance (78.8%) to investigate their separate contributions. Analysing the subscales 2 separately may still reveal potential differences between them, particularly when it is 3 unclear what exact mechanism causes the correlation. In the current research, we examine the resting state paradigm for eye movements in 7 more detail, to see if it produces reliable markers within individuals over different time 8 points (repeatability) and over different conditions (generalisation) . In particular, we will 9 be looking at microsaccade rate, pupil size variability, blink rate, and gaze variability 10 (in both horizontal and vertical dimension). We also aim to further explore the 11 relationship of oculomotor variability to self-assessed ADHD symptomatology. 12 Impulsivity is one of the main characteristics of ADHD, and previous literature 13 has associated self-assessed ADHD tendencies with impulsivity (Berg, Latzman, & Lilienfield, 2015; Miller, Derefinko, Lynam, Milich & Fillmore, 2010; although 15 some facets of impulsivity may be more important than others). ADHD has also been 16 associated with increased mind wandering (Shaw & Giambra, 1993; Seli et al., 2015) .
14

Bliwise
17
Shaw and Giambra (1993) furthermore investigated mind wandering in undiagnosed 18 college students and found that participants who scored in the lowest tier of self-19 assessed ADHD symptoms during childhood were less prone to mind wandering than 20 participants who scored in the highest tier. Possibly, this reflects a decreased tendency 21 to keep top-down focus with increased ADHD tendencies. To get further insight into 22 the mechanisms underlying potential individual differences in oculomotor variability, 23 we therefore also included self-assessed measures of mind wandering and impulsivity.
9
We aim to replicate positive associations of these two measures with self-assessed 1 ADHD, as well as investigate their relationship to oculomotor variability.
2 Figure 1 show an overview of our three aims. To examine these aims, we 3 combined data of three behavioural experiments (129 participants in total). In 4 Experiment 1 and 2, participants took part in a four minutes long resting state paradigm 5 and repeated this half an hour to 50 minutes later after they completed a computerised 6 task. In Experiment 3, participants took part in a resting state paradigm in three 7 different conditions repeatedly over four different days, with each resting state being 8 one minute long. In all three experiments, participants filled in questionnaires on ADHD 9 tendencies, mind wandering tendencies, and impulsivity. This allowed us to 10 investigate: 1) the intra-individual reliability of oculomotor behaviour, 2) the between-11 subject correlations on the questionnaires, and 3) the between-subject correlations 12 between oculomotor behaviour and the questionnaires. Because the predictions for all 13 three questions are highly similar across experiments, they are discussed together 14 below, and analyses were combined whenever possible. If variability of oculomotor functioning is to make a good marker for personality traits, it 5 should show reliability within individuals. We therefore examined the intra-individual 6 reliability of the markers (variability in gaze, pupil size variability, and blink rate in all 7 three experiments, plus microsaccade rate in Experiments 1 and 2) over different 8 points in time on the same day (Experiment 1 and 2) and over different conditions and 9 different days (Experiment 3).
10
To examine this, mean scores were calculated on each of the different 11 measures for every participant, separately for each resting state (reflecting 12 time/condition). If a measure shows intra-individual reliability, it should correlate highly 13 with itself over the different resting states. Because of the differences in design, the 14 intra-individual reliability was examined separately for each experiment. Aim 2. Between-subject correlations between ADHD, mind wandering, and impulsivity 17 After completing the resting state paradigms, participants filled in questionnaires on 18 ADHD, mind wandering, and impulsivity. Based on previous literature, we would expect 19 a positive correlation between self-assessed ADHD tendencies and self-assessed 20 mind wandering (Shaw & Giambra, 1993; Seli et al., 2015) . Furthermore, we expect a 21 positive correlation between ADHD and impulsivity, similarly based on previous 22 literature ( Berg et al., 2015; Miller et al., 2010) . Data were combined for all three 1 experiments. Next, one overall mean was calculated for every participant, separately for each 6 oculomotor measure, collapsed over all time points and conditions. These means were 7 correlated to the ADHD scores, to test if ADHD tendencies are associated with higher 8 oculomotor variability. Furthermore, the scores were correlated to the two subscales 9 of the ADHD questionnaire scores (Inattention and Hyperactivity), as well as to the 10 impulsivity and mind wandering questionnaire scores. The correlations were calculated 11 on the combined data from all three experiments.
12
If a potential relationship between ADHD and oculomotor variability is caused 13 mainly by a lack of attentional task maintenance, one could expect similar correlations 14 of oculomotor variability to mind wandering and inattention. Alternatively, higher 15 correlations to impulsivity and hyperactivity may reflect that the relationship is driven 16 by a lack of inhibition. In total, data of 129 participants was collected. All of them had normal or corrected-to-21 normal vision. The studies were approved by the local ethics commission. 22 12 Experiment 1. Eighty-one participants (66 female, fourteen male, one other, aged 1 between 18-25) contributed in exchange of course credits. Of them, 73 had valid eye 2 tracking data. For three of these remaining 73, the second session was not included 3 because they had more than 33% missing samples. day, due to technical issues. For another three participants, the second session on the 8 first day was excluded, and for one participant, the second session of the second day 9 was excluded, because more than 33% samples were missing. The resting state paradigms were generated with MATLAB (The Mathworks, Inc.) and 20 Psychtoolbox-3 (Brainard, 1997; Kleiner et al., 2007; Pelli, 1997) . The background of 21 the paradigms was set at light-grey, and the fixation point was white. An Eyelink 1000 22 (SR Research) was used in each of the experiments for eye data recording. Each 23 13 experiment started with calibration and validation with the eye tracker (five-dot 1 calibration in Experiment 1, nine-dot calibration in Experiment 2 and 3). Participants 2 were seated in a chin-rest to limit head movement.
3
The Adult ADHD Self-Report Scale (ASRS-v1.1; Kessler et al., 2005) was 4 administered to measure ADHD tendencies. The ASRS-v1.1 consists of 18 items with 5 a 5-point scale from 0 ("Never") to 4 ("Very often") and has a high reliability (with 6 Cronbach's α ranging from .88 to .94; Adler et al., 2006; 2012) . The ASRS-v1.1 can be 7 divided into two subscales -Inattention and Hyperactivity / impulsivity -reflecting the 8 two main subtypes of ADHD (Kessler et al., 2005; Reuter, Kirsch & Hennig, 2006) . Giambra, 1979 Giambra, -1980 .
15
To measure impulsivity, participants completed the UPPS-P Impulsive
16
Behaviour Scale (Whiteside & Lynam, 2001; Lynam, Smith, Whiteside & Cyders, 17 2006). The UPPS-P consists of 59 items, with a scale ranging from 1 ("agree strongly") 18 to 4 ("disagree strongly"), divided over five subscales: positive urgency, negative 19 urgency, (lack of) premeditation, (lack of) perseverance, and sensation seeking. Experiment 2. The resting state paradigms were generated on a HP Z230 Workstation 2 PC and an LG 24GM77 monitor with a resolution of 1920 by 1080 and a refresh rate 3 of 120 Hz. The paradigms were displayed on a projector screen. Eye movements and 4 pupil dilation were recorded binocularly at 500 Hz. Experiment 3. Resting state eye movements and pupil dilation were recorded in three 5 different condition -see Figure 2 for an overview. In the 'Fixation plus instruction'-6 condition, participants were asked to fixate on a fixation dot that was displayed on the 7 centre of the screen. In the 'No fixation, Instruction only'-condition, participants were 1 Procedure 2 Experiment 1. Participants came to the lab for a session of about 1.5 hours. They 3 were seated at a distance of 615 cm from the screen. Eyes were tracked binocularly 4 during the resting state for four minutes (time 1). Next, participants performed a 5 computerised task, lasting about 30 minutes (data not analysed in the current paper). 6 Right after finishing this task, the resting state paradigm was conducted again (time 2). Experiment 2. Participants came to the lab for two sessions, each about 1.5 hours.
They were seated at a distance of 1185 cm to the screen. Eyes were tracked 17 binocularly for four minutes (time 1). Next, they performed a computerised task of about 18 50 minutes (data not analysed in the current paper), and afterwards they conducted 19 the resting state paradigm again (time 2). Lastly, participants filled in the DFS, ASRS-20 v1.1, and UPPS-P. 
23
Participants were seated at a distance of 104 cm to the screen. Eyes were tracked 24 monocularly in the three different conditions. Each condition lasted 60 seconds. 1 Instructions were shown for two seconds. For each participant, the order of the 2 conditions was random on each of the four sessions. After completing the resting state 3 eye movements paradigm, participants completed a 30 to 45 minutes computerised 4 task (data not analysed in the current paper). On the last day, they filled in the DFS, 5 ASRS-v1.1, and UPPS-P. maximum of 1000 ms. The total number of blinks throughout each session was 10 counted, and a blink rate per second was subsequently calculated. Pupil size variability 11 was calculated by dividing the standard deviation of the pupil size throughout each 12 session by the mean pupil size -reflecting the coefficient of variation (CV). Gaze 13 variability was calculated separately for the x-and y-screen dimension by calculating 14 the standard deviation of position in degrees throughout the entire session (these 15 standard deviations were not normalised by the mean, as the mean degrees in the 16 middle of the screen is approximately zero). To minimise noise, 20 ms were excluded 17 both before and after missing samples from the calculation of the pupil size and gaze 18 variability.
19
Binocular microsaccade detection (Experiment 1 and 2 only) was done with the 20 algorithm of Engbert and Kliegl (2003) . The λ value was set to five. To reduce noise in 21 the detection process, saccades were defined as being at least three samples long.
22
Furthermore, a period of 100 ms both prior and following blinks was excluded.
23
Missing/excluded samples were subsequently interpolated. To avoid the false 24 detection of post-saccadic oscillations as microsaccades, a window of 20 ms following 25 each saccade was excluded. Saccades with amplitudes above 2° or with peak 1 velocities above 200°/s were excluded from subsequent analyses. To sanity check the 2 microsaccades, saccade amplitude was correlated with velocity over all participants 3 and over both time points (also known as the 'main sequence'). These were highly 4 correlated to each other for both Experiment 1 (r = .88, BF10 = ∞, p < .001) and for 5 Experiment 2 (r = .86, BF10 = ∞, p < .001). The mean microsaccade rate was 1.1 per 6 second (SD = .43) for Experiment 1 and 1.58 (SD = 47) for Experiment 2, which is 7 within the typical rate of 1-2 per second (Ciuffreda & Tannen, 1995) . Questionnaires. Scores on items of the questionnaires were reversed when 14 necessary. Missing responses were substituted with the median (but note that the 15 number of missing responses was neglectable, .26%). Next, the total score was 16 calculated for each of questionnaire. Individual item scores were used to check the 17 questionnaires internal consistency (Cronbach's α; Cronbach, 1951) -see Table 1 for 18 an overview. x variability, and gaze-y variability): One for time 1 (pre-task) and one for time 2 (post- However, we no longer found evidence for intra-individual reliability in gaze variability, 10 especially in the horizontal dimension: All four BF10 were in the indeterminate range, 11 with three of them being below 1.
12
Next, means over time points were averaged, resulting in two means for each between the two time points develops as more data is collected (red line on Figure 5 ).
17
Next, we adopted a subsampling approach, using a simplified version of Looking at Figure 5 , it seems that reliability is lower and more volatile when it is 7 based on less than a minute of data. After one minute, the reliability stabilises, and 8 does not seem to improve any further after two minutes. Based on these outcomes, 9
we recommend that an oculomotor resting state session is no shorter than one minute, 10 but that it may not be necessary to collect more than two minutes of continuous data. In Experiment 3, we were not only interested in the intra-individual reliability of 4 oculomotor variability over different days (repeatability), but also in the extent to which 5 the oculomotor variability would generalise over different types of 'oculomotor resting 6 states'. For this, we used the same resting state version as in Experiment 1 and 2, as 7 well as a free viewing version (in which participants did not have to fixate on anything, 8 and were free to look anywhere on the screen), and an 'intermediate' version (in which 9 participants were asked to fixate on the middle of the screen, but were not provided 10 with a fixation dot). Because participants were asked to participate in each condition 11 on four different days (resulting in twelve resting states per participant), we made the 12 sessions shorter -using one minute per resting state instead of four. As shown above, 13 this is long enough to produce reliable estimates. show a very wide range (with some below 1, but others logged values around 6-7), the 5 overall distribution favours the existence of correlations over the absence of 6 correlations. Again, correlation coefficients for these two measures were mostly 7 moderate to high, with both median values around .5. Our 'intermediate' condition, in 8 which participants were asked to fixate at the middle of a blank screen, appeared to 9 produce the least reliable measures.
10
Over all three experiments, we thus found reliability in oculomotor measures 11 over time, from relatively short ranges (30 to 50 minutes) up to multiple days apart.
12
Next, we were interested in to what extent the oculomotor measures were 13 generalisable over different types of resting states. To examine this, means were 14 averaged over days, resulting in three means for each measure, each reflecting one 15 condition. Bayesian Pearson correlations were conducted on the means of the three 16 conditions -to investigate the reliability of the measures over different conditions. 17 Figure 6 shows the correlation plots between the conditions for each measure, with 18 Intra-class correlation. The intra-class correlation can estimate the reliability of a 1 larger group of measures, to reflect to what extent they measure the same underlying 2 phenomenon -and as such, can reflect the 'correlation' between more than two 3 measures. To estimate the intra-class correlation, a two-way random model was 4 conducted on each measure. The measure of consistency was estimated, as this is 5 most similar to our Pearson correlation analyses. Bayesian Person correlations were conducted on the questionnaire scores. Figure 6   6 shows the between-subject correlational plots with their corresponding Pearson r 7 coefficients and Bayes Factors. Looking at the between-subject correlations between 8 ADHD tendencies, mind wandering (DFS), and impulsivity (UPPS-P), we found that 9 ADHD tendencies were highly correlated to impulsivity and mind wandering 10 tendencies. Both of these findings thus provide extreme evidence for replication of 11 previous literature. There was also some evidence for a correlation between mind wandering and 6 impulsivity, but the evidence was in a much lower range and the accompanying For each participant, one mean was calculated for each of the measures, collapsed 20 over all potential points of time, days, and conditions. Bayesian Pearson correlations 21 were conducted between these oculomotor measures and the questionnaire scores.
22
Out of the fifteen analyses, ten showed moderate evidence against a correlation, and 23 five were in the indeterminate range (three of them with BF10 < 1, and the other two 24 32 with BF10 > 1). Looking at the two correlations that had a BF10 > 1 (though in the 1 indeterminate range), the accompanying r-values were low (explaining only 4.4 and 2 4.8% of the total variance).
3
To examine if any correlations would be more pronounced when looking at the 4 subscales instead of the total scores of ADHD, the inattention and 5 impulsivity/hyperactivity scores were correlated with the oculomotor measures. Pupil 6 size variability correlated with the inattention subscale (r = .24, BF10 = 3.75), but not 7 with impulsivity/hyperactivity (r = .13, BF10 = .31) -indicating that participants with 8 more inattention-related ADHD tendencies showed more variability in pupil size.
9
However, the explained variance was again low (5.8%). In the current research, we aimed to: 1) examine to what extent endogenous 5 oculomotor variability constitutes a reliable individual trait, 2) replicate positive 6 associations of self-assessed ADHD tendencies to mind wandering and impulsivity, 7 and 3) investigate potential relationships between personality traits and endogenous 8 oculomotor variability. We combined datasets from three experiments including 9 'oculomotor resting states' as well as a set of questionnaires. We found that oculomotor 10 variability indeed shows consistency within individuals, both over time (repeatability) 11 and over different conditions (generalisation). Of the five measures that we used 12 (variability in both horizontal and vertical dimension, pupil size variability, blink rate, 13 and microsaccade rate), each showed consistency to some extent -with blink and 14 microsaccade rate appearing to be the most consistent measures, and gaze variability 15 (particularly in the horizontal dimension) being the weakest.
We also found positive correlations between the self-assessed personality 1 traits, replicating previous associations of ADHD to mind wandering (Shaw & Giambra, 2 1993; Seli et al., 2015) and impulsivity (Berg et al., 2015; Miller et al., 2010) . However, 3 these personality traits did not show convincing correlations with oculomotor variability.
4
Overall, we mostly found Bayesian evidence against correlations -and for the few 5 correlations that were weakly supported, the effect sizes were small. This suggests 6 that within our sample of healthy participants, oculomotor variability did not prove a 7 useful measure for corroborating self-assessed personality traits. to show intra-individual reliability (Mayeux, 2004) .
17
Intra-individual stability of oculomotor variability during task has been shown in 18 previous research (Andrews & Coppola, 1999; Boot et al., 2009; Castelhano & 19 Henderson, 2008; Poynter et al., 2013; Rayner et al., 2007) . Furthermore, there is individual correlation pairs will be affected by chance. This is evidenced by the 15 distribution plots in Figure 5 , that shows the range of found correlation coefficients is 16 large. However, overall, the distributions favoured moderate to high correlations, with 17 median r-values being around .5 (with the exception of gaze variability). Furthermore, 18 intra-class correlation coefficients showed good to excellent consistency for each of 19 the measures -revealing that, overall, the measures over days appear to measure the 20 same underlying construct. Based on our subsampling analysis on the data of 21 Experiment 1, we can recommend that these sessions should be between 1-2 minutes 22 long, with longer recording sessions being only necessary when the sample is small.
23
Both over time and over conditions, we found that gaze variability was 24 consistently the weakest measure, particularly in the horizontal dimension. One 25 possibility is that gaze variability is driven by a multitude of sources, including 1 saccades, drift, and tremor, but also by phenomena such as partial blinks. Because of 2 this, gaze variability may have less specificity than the other measures, and thus, less 3 validity as a measure. While reliability and validity are theoretically different constructs, 4 in practice, they often go hand in hand.
5
It is important to note that our findings show that oculomotor behaviour is NHST, a power analysis shows that a sample of minimally 85 participants is required.
12
In the last years, the topic has gained increasing traction (e.g., Bakker et al., 2012; 13 In this case, the individual differences aim to reflect functional, task-based deficiencies 11 in ADHD patients. As such, their task may be more sensitive to capturing such 12 individual differences.
13
Overall, our findings show that the benefit of endogenous oculomotor variability 14 as an objective surrogate to self-assessed personality traits in unclear. While we did 15 find some correlations, the correlation coefficients (and Bayes Factors) were small 16 (ranging .22-.26). One may argue that these ranges are typical in Psychology -as 17
Gignac & Szodorai (2016) showed in a meta-analysis of 708 correlation coefficients.
18
However, it is important to note that in our results, the correlations between the different 19 questionnaires were in much higher ranges. Of course, we do not want to deny the 20 importance of finding biomarkers for ADHD. However, within the context of our 21 findings, the benefit of measuring oculomotor activity seems unclear when short and 22 simple questionnaires lead to much larger effect sizes.
23
One important point to bring up is the severity of symptoms. Our experiments 24 were conducted on healthy participants, and as a result of that, there were not many 25 40 individuals at the high end of the spectrum. If any individual differences exist, they will 1 be more pronounced when comparing extremer cases. In healthy and academic 2 samples, these more extreme cases will be difficult to find by chance. conditions. This highlights the importance of indicating which mechanisms would drive potential individual differences in variability. Instead, task-based oculomotor variability, 1 in which certain eye movement patterns may be considered as beneficial or detrimental 2 for the task, may be better suited to study these individual differences. Millan, Macknik, Langston & Martinez-Conde, 2013). We therefore reran our (micro-) 12 saccades analyses without an amplitude cut-off. This measure may capture more of 13 the total variability that participants exhibited. However, without this cut-off, results 14 remained highly similar, and conclusions did not change.
15
It should be noted that we also used a cut-off for the extraction of blinks: Blinks 16 were computed as missing samples with a maximum of one second -to differentiate 17 blinks from periods of task disengagement (e.g., a participant falling asleep). Similarly, 18 when rerunning our blink-related analyses without the upper-bound cut-off, our findings 19 did not change.
20
To extract the microsaccades, we used the binocular detection algorithm of 21 Engbert and Kliegl (2003) . One feature of this algorithm is that the threshold for 22 detecting a microsaccade is computed for each trial, to adjust for differing amounts of 23 noise between different trials. However, our tasks do not contain any traditional trials, 24 42 but continuous measurements of 1-4 minutes. This may affect the computation 1 detection threshold due to untypical variability within the 'trial', resulting in too lenient 2 thresholds. Still, our microsaccade rate is well in line with previously reported rates 3 using shorter trials. Furthermore, we also used the measures of gaze variability, which 4 may capture the microsaccades as well at the other types of fixational eye movements 5 -thus reflecting an overall capacity to fixate.
6 Previous research has also looked at the associations between task-based 7 oculomotor measures, and found that the six measures (saccade amplitude, 8 microsaccade rate and amplitude, and fixation rate, duration, and size) that they used 9 could be all be captured by one single factor in a Factor Analysis (Poynter et al., 2013)
10
-they interpret this factor as "Individuals' eye-movement behavior profiles". In our data, 11 this was not the case. Seven out of ten pairs of measures showed evidence against 12 correlation, with support only for some low correlations of pupil size variability with 13 microsaccade and blink rate (r-values of .31 and .24 respectively). The only exception 14 of gaze variability and the horizontal and the vertical dimension, which unsurprisingly 15 are highly similar (r = .82), as they are intended to measure the same construct.
16
Overall, our measures thus shared little to no variance and cannot be captured by one In the current study, we found that oculomotor variability shows good correlation within 1 individuals both over time and over different conditions. Particularly microsaccade rate, 2 blink rate, and variability of pupil diameter show good reliability -meaning that these 3 measures have the potential to be used as biomarkers. Of course, this begs the 4 question of what for they can be used as biomarkers. Our results showed that the 5 between-subject correlations to self-assessed ADHD, mind wandering, and impulsivity 6 were all either absent or very small. In contrast, the questionnaires themselves 7 correlated well with each. Considering the low costs and ease of questionnaires 8 compared to oculomotor data, the benefit of the latter in differentiating between 9 personality traits remains unclear. Still, it is possible that oculomotor measures may 10 serve a function complementing questionnaires. Future research should focus on 11 linking the resting-state oculomotor measures to task-related deficiencies in ADHD or 12 differences in brain structure or integrity, as in these cases, oculomotor measures may 13 serve as an easy and cheap substitute. 
